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Objectives: carottd endarterectomy (CEA) zs intended to prevent stroke and therefore to extend lifespan Whether CEA 
also Influences health-related quahty of hfe (HRQOL) zs largely unknown This study azmed to assess HRQOL-changes 
after CEA 
Design: prospective study, data assessment within 1 week before and 3 months after CEA. 
Materials: patzent classzfication ( = 70) was based on presenting neurologzcaI symptoms (none (24), transient (26), or 
permanent (20)), patency or occluszon (27%) of the contralateral mternaI carotid artery and mtraoperatzve shunt 
requirement (28%) 
Methods: HRQOL was mvestzgated wzth the &ckness Impact Profile (SIP) Analyszs of variance was used to adjust for 
the l~uence of preoperative differences mfunctzonal ~mpazrment a d comorbldity on the changes found 
Results: preoperative findings showed that the SIP scores of stroke patzents and shunted patzents were szgnificantly 
lugher (in&catmg poorer HRQOL) than those of the other patzents. No adverse ffect of CEA was observed Analyszs of 
variance revealed that neurologzcal classiflcatlon was not reflected toHRQOL changes. However, patients wzth contralateral 
occluszon showed aszgmficant postoperatzve zmprovement (f=4 99, p<0 05). 
Conclusions: HRQOL zmprovement after CEA zs restrzcted topatzents wzth occlusion of the contralateral carotid artery 
Assessment ofoutcome of CEA should be related not only to neurological classificatzon, but also to haemodynamzc factors 
such as contralateral occluslon 
Key Words Carotzd endarterectomy; Health-related Quahty of L~e; Functzonal Health Status; &ckness Impact Profile 
Introduction and asymptomatic arohd stenosis), further im- 
provement of the regained normal neurological con- 
Carotid endarterectomy (CEA)is currently performed dition is not possible. This raises a methodological 
to prevent future ipsilateral ischaemic stroke. Its ef- problem in assessing the effectiveness of carotid en- 
fectiveness in extending the lifespan without in- darterectomy, with respect o improvement of neuro- 
validating stroke has been proven in two international logical function. We hypothesised that changes m 
multicentre trials. 1'2 Thus CEA may be considered a cerebral function would eventually be reflected by 
long-term investment to avoid a new neurological changes in everyday life activities, and thus could be 
deficit. However, little is known about whether there measured with the aid of clinimetrlcs. 7 For example, 
is a change in health-related quality of life (HRQOL) we would anticipate that perioperahve complications 
during these added years. 34 would lead to a decrease of HRQOL, whereas a post- 
It is recognised that the neurological dysfunction operative improvement of cerebral function, especially 
of stroke patients generally improves regardless of when circulation before surgery was not appropriate 
whether CEA is performed or not. However, in patients for optimal cerebral function, might lead to an increase 
without permanent neurological dysfunction (tran- in HRQOL. This would be in agreement with a grow- 
slent monocular blindness, transient ischaemic attack ing awareness of the importance of haemodynamic 
factors in cerebrovascular disease. 8 
Several studies have indeed shown an improve- 
ment in cerebral blood flow, 9 cerebral blood flow ve- 
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Table 1. Patient characteristics. 
Cerebral symptoms 
None Transient Permanent All 
(n = 24) (n = 26) (n = 20) (n = 70) 
Mean age (y) 61 8 65 4 65 1 64 1 
Male (%) 62 5 92 3 80 0 78 6" 
Occlusion of contralat ICA (%) 29 2 26 9 25 0 27 1 
Shunt (%) 20 8 15 4 55 6 27 9t 
Penoperatlve comphcahons (%) 0 0 3 8 10 0 4 3 
Hypertension (%) 45 8 38 5 60 0 47 1 
Diabetes melhtus (%) 16 7 11 5 10 0 12 9 
Heart disease (%) 33 3 42 3 30 0 35 7 
Peripheral vasc disease (%) 29 2 30 8 25 0 28 6 
Hypercholesterolaemla (%) 16 7 7 7 15 0 12 9 
* p<0 05 (Chl-squared-test) 
-t p<0 01 (Chl-squared-test) 
see whether these wel l -documented haemodynamic major (n = 5) stroke, (n = 20), 29%). A patient was con- 
changes are reflected by changes in everyday life sidered symptomatic when neurological dysfunction 
activities, occurred m the hemisphere ipsilateral to the carotid 
stenosis and when endarterectomy was scheduled for 
a stenosed internal carotid artery contralateral to the 
occluded one that gave rise to neurological dys- 
Materials and Methods function. Patients in whom preoperative computed 
tomography revealed a silent infarct were considered 
Patients asymptomatic. Patients were also classified according 
to the patency or occlusion of the contralateral carotid 
Carotid endarterectomy (CEA) was performed in a artery. Hypertension, diabetes melhtus, cardio- 
consecutive series of 86 patients. Measurements were vascular, and peripheral vascular diseases as well as 
scheduled preoperatively and 3 months after surgery, treated hypercholesterolaemia were considered rel- 
Informed consent was obtained from all patients and evant co-morbidity. 
the Hospital Ethics Committee approved the study. 
Findings were based on 70 paired registrations, 
because preoperative health status could not be meas- Monitoring during surgery 
ured in 11 patients (emergency treatment, dysphasia 
disorder of the patient or logistics) and five other 
Cerebral function was monitored with elec- 
patients were lost to follow-up. The median age of the troencephalography (16-channel EEG, common ref- 
patients was 65 years, range 44-82 years; 68 patients 
were men (79%). erence (Cz) montage, on-line visual assessment). 
Criterion for the use of a shunt was the occurrence of 
The patients were classified into three groups ac- unilateral or bilateral EEG slowing after carohd cross- 
cording to their preoperative neurological dysfunction, clamping. Patients were also grouped according to 
based on history and clinical examination (Table 1). In intraoperative shunt requirement. 
the first group, patients &d not have cerebral symp- 
toms (n =24, 34%). This group consisted of patients 
presenting with ocular symptoms,  such as transient 
monocular blindness or retinal infarction (n = 12) and The Szckness Impact Proyqle 
asymptomatic pahents (n = 12). In the second group, 
patients had transient symptoms that resolved within In this study, health-related quality of life (HQROL) 
48h (n=26, 37%). In this group 23 pahents fulfilled was determined with the Sickness Impact Profile 
the diagnosis TIA, (symptoms resolving within 24 h), (SIP) 22 24 The SIP is a wel l -known quality of life meas- 
whereas in three patients symptoms disappeared ure that is often used in various patient populations. 25
within 48 h (37%). In the third group, patients had The instrument's widespread acceptance originates 
permanent cerebral symptoms (minor (17=15) and mainly from its clinical comprehensiveness and its 
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emphasis on observable behaviour instead of the Complications 
more subjective health perceptions, as in other quality 
of life measures such as the Nottingham Health Two patients with a transient ischaemic attack (TIA) 
Profile or the SF-36. 26'27 Evaluations of the climmetric developed a permanent minor stroke. They had the 
properties of the SIP m pahents with different same symptoms on the first day after surgery as during 
diseases, including stroke and carotid en- the preceding TIA. Computer tomography dem- 
darterectomy, have shown that the instrument is onstrated new infarcts in these patients. These patients 
reliable and valid. 4'25'28'29 were not excluded from the study. 
Scales refer to disabilities in terms of body care, 
walking, mobility, alertness, emotional behaviour, so- 
cial interaction, and communication. Sleep and resting 
behavlour, leisure, eating, and work are also scored. Health-related quality of hfe 
Since most of the patients (>80%) were retired at the 
time of surgery, the subscale "work" was excluded Preoperative SIP scores. The preoperative SIP scores of 
from all analyses. Thus the aggregated score comprises the patients in the stroke group were significantly 
the scores for the eleven scales, higher, indicating poorer functional health, than those 
of the patients in the group without cerebral symptoms 
and in the group with transient symptoms (Table 2). 
The SIP scores of patients in the last two groups were 
Analysis similar. 
Patients who needed intraoperative shunting had 
We examined whether differences in preoperative significantly higher preoperahve SIP scores than the 
HRQOL for each patient group were related to demo- patients who did not need intraoperative shunting. 
graphic factors, co-morbidity, and surgery-related fac- There were no differences in preoperative SIP scores 
tors, using Chi-squared tests between patients with or without occlusion of the 
Paired t-tests were carried out to study the statistical contralateral carotid artery. Apart from the observation 
significance of changes in postoperative HRQOL rel- that significantly more shunts were used in the group 
ative to preoperative HRQOL. HRQOL scores were with permanent neurological deficit, no relevant dif- 
logarithmically transformed to correct for the neg- ferences were found between the groups. Commonly 
atively skewed distribution of the SIP scores. The known risk factors such as hypertension, diabetes 
influence of patient characteristics on changes m mellitus, heart disease, other vascular disorders, and 
HRQOL was investigated by analysis of variance. The hypercholesterolaemia appeared not to affect pre- 
change of the SIP score was the dependent variable operative HRQOL. 
and those variables that were, bivariately, significantly 
related to the SIP change score were simultaneously Postoperative SIP scores. In the total patient population 
entered in the analysis of variance. HRQOL had not changed 3months after surgery (Table 
We hypothesised that (i) the patients with permanent 2). However, nearly half of the patients reported a 
neurological deficit (stroke) would show some post- better HRQOL after surgery and the other patients 
operative improvement, and (ii) that the patients with reported a worse HRQOL after surgery, but for the 
an inadequate collateral circulation (presence of most part differences were small (Fig. 1) Improvement 
contralateral occlusion or shunt requirement) would was observed m some patient categories. The patients 
show a more pronounced response to surgery than with an occlusion of the contralateral internal carotid 
the patients with an adequate collateral supply, artery, who may have had an inadequate collateral 
circulation, showed an improvement in HRQOL, 
whereas the complementary group (adequate col- 
Results lateral circulation) did not. The same was true for the 
patients in need of an endovascular shunt during 
Drop-outs surgery, who showed an improvement in HRQOL, 
whereas the complementary non-shunted group had 
The data of patients lost to follow-up were compared an unchanged HRQOL. Analysis of variance included 
with the study population with respect to climcal two predictor variables (contralateral occlusion and 
and surgery-related factors. There were no statistically shunt). The presence of contralateral occlusion proved 
significant differences between the included and ex- to be a significant factor in accounting for the im- 
cluded patients, provement in HRQOL in the CEA patients (f= 4.99, 
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Table 2. Mean (± s E) preoperative and postoperative SIP scores and change in scores related to patient characteristicsA" 
n Preoperative Postoperative Change 
All (70) 7 4 ± 1 7 7 2 0 2 
Classification 
--None/monocular blmdness/ret infarction (24) 5 0±2 2 4 3 0 69 
--Transmnt mchaemlc attack (26) 5 9_ 2 5 7 1 -1  29 
--Stroke (20) 12 3 ± 3 7 ~* 10 8 1 57 
Age (correlation) (70) -0  02 0 06 -0  05 
Sex Male (55) 7 9 7 4 0 5 
Female (15) 5 6 6.4 -0  8 
Occlusion of contralateral ICA Present (19) 7 3 ± 2 8 4 7 ± 2 2 2 6* 
Absent (51) 7 4 8 1 0 7 
Shunt# Present (19) 9 4 ± 3 1 7 5 ± 3 3 1 9 ~ 
Absent (49) 5 7±1 6* 6 2 -0  5 
Hypertension Present (33) 9 0 8 0 1 0 
Absent (37) 6 0 6 5 -0  5 
Diabetes melhtus Present (9) 6 7 4 6 2 0 
Absent (61) 7 5 7 6 -0  06 
Heart dmease Present (25) 7 4 6 1 1 3 
Absent (49) 7 4 7 8 -0  4 
Peripheral vascular &sease Present (20) 10 7 9.7 1.0 
Absent (50) 6 1 6 2 -0  1 
Hypercholesterolaemla Present (9) 10 9 9 5 1 4 
Absent (61) 6.9 6 9 0 0 
t Higher scores mean a worse health status, a positive change represents amehoratlon 
# Two patmnts were excluded because of apnon insertion of a shunt 
* p<0 05, ** p<0 01. 
Nb 1 In the preoperative condition slgmhcant differences between groups are noted 
Nb 2 Slgmhcancms of changes based on logarithmic scores (pmred t-test) 
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Fig. 1. Preoperative rsus postoperative orglnal SIP score Higher scores mean a worse health status clCA contralateral internal carotid 
artery ( . )  cICA occlusion, shunt reqmrement, (@) cICA occlusion, no shunt; ([Z) no cICA occlusmn, shunt requirement, (•) no cICA 
occlusion, no shunt 
p = 0.029). This was not true for the requirement of a effect of the improved haemodynamics on cerebral 
shunt ( f= 0.48, p = 0.490). function Some investigations have focused on changes 
in cognitive performance and intelhgence after CEA, 
but data concerning quahty of life are rather scarce. 
Discussion Diener et al. and Hemmingsen et al reported in- 
tellectual improvement, 3°'31 whereas no change in cog- 
Several investigators, using different techniques, have nitlve performance was detected by Van den Burg et 
shown that cerebral blood flow, perfusion, and meta- aI, Parker et al. and Sirkka et al 4,5,32 A slight general 
bolism increase after CEA.  9-21 Less is known about the improvement in cognitive function was described by 
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De Leo et al. 6 They found no differences in relation to as could be expected, that patients suffering from 
shunt reqmrement. Jacobs et al. reported an ira- permanent deficits (stroke)were more severely im- 
provement m all tests of memory performance, spe- paired than the pahents with transient deficits (TIA) 
oally in haemodynamically compromised patients or no cerebral symptoms. These differences inHRQOL 
(reduchon of cross-sectional rea of internal carotid related to transitory or permanent deficits could not 
artery >75%). 33 be explained by &fferences m co-morbidity. Three 
The results and conclusions of the studies of HRQOL months after CEA there was no adverse effect in 
changes after CEA performed so far are contradictory, HRQOL due to surgery, but there was improvement in 
which partly can be explained by differences in study the HRQOL of certain patients' ubgroups. Although it 
design. Few authors have measured straightforward could be argued that the initial scores might have been 
HRQOL after CEA. 3-6 Trudel et al. found activities of influenced negatively by feehngs of anxiety concerning 
daily living and cognition to be slightly restricted, the scheduled surgery, we would expect his to hold 
while home and outside activities and sooal inter- for all patients. Contrary to our hypothesis, the out- 
action were markedly worse. 3They detected no im- come was not affected by the presence or absence of 
provement in quality of life. This was also found in neurological deficits. The significant improvement in
the study by Sirkka et al. 5 Using the SIP together with HRQOL found in patients who needed a shunt intra- 
a serms of neuropsychological tests, Parker et al. found operahvely could be attributed to pre-existing patient 
characteristics. (There was a considerable overlap of no overall improvement in quality of life in pahents 
with carotid artery disease after 6 months and 2 years 4 patients who had a contralateral occlusion and who 
No favourable ffect of carohd surgery was found in required a shunt). The improvement in HRQOL was 
comparison with medical treatment, and no re- significantly greater in the patients with occlusion of 
the contralateral carotid artery than in the com- 
lationship was observed between the severity of flow plementary group of patients. Evidently, occlusion of 
impairment and quality of life. In contrast, a general 
Improvement of quality of life was reported by De one carotid artery renders the cerebral circulation more 
dependent on the patency of the other carotid artery. 
Leo et al. 6 From quality of life studies with stroke Thus the improvement in cerebral perfusion and 
pahents it is known that even patients with little or no cerebral function, due to redistribution of cerebral 
physical dysfunction can experience a compromised blood flow after surgery, could underlie the post- 
quality of life. 29'34-37 This emphasises that both psy- operative improvement in HRQOL scores. 
chological status and physical disability determine In the present study population, most of the patients 
quality of life. had no or only a transient handicap and therefore no 
Our HRQOL data, obtained with the SIP before and physical improvement was to be expected. Thus, in 
3 months after CEA, covered a wide range of daily these patmnts, assessment of the outcome of CEA by 
activities, although no information was obtained on means of Rankin handicap scores would not identify 
well being, happiness, or life satisfaction. The SIP's any benefit of the intervention. Only the patients who 
widespread acceptance originates mainly from its suffered from a stroke improved significantly, for 
chmcal comprehensiveness and its emphasis on ob- which both the effects of CEA and natural history can 
servable behaviour instead of the more subjective be held responsible. CEA has recently been shown to 
health perceptions, as in other quality of life have a preventive ffect m patients with an asympto- 
measures uch as the Nottingham Health Profile or matic stenosis of a carohd artery. 3s Our findings also 
the SF-36. 26'-'7 suggest that CEA has a beneficial effect on the HRQOL 
In the present study, the impact of CEA on the of some of these pahents, namely those with contra- 
HRQOL of the patient group as a whole appeared to lateral occlusion, and that it does not have an overall 
be small. This finding is in agreement with the results adverse ffect on the other pahents. 
from other studies. Conversely, it is reassuring that In conclusion, our results how that patients hould 
HRQOL did not show adverse ffects of CEA. How- not only be stratified on the basis of their neurological 
ever, patients in some subgroups showed ira- classification, but also on haemodynamic factors uch 
provement m HRQOL scores, viz. patients with an as occlusion of the contralateral internal carotid artery. 
already reduced potential for collateral circulation (oc- These patients may benefit from surgery even though 
clusion of contralateral carotid artery), and patients m they are "asymptomatic'. 
need of a shunt during surgery. For a correct in- 
terpretation f HRQOL scores, we took mto account the Acknowledgement 
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